Background: Intussusception is a condition found primarily in the pediatric population. In the adult population, however, intussusception is usually due to a pathological process, with a higher risk of bowel obstruction, vascular compromise, inflammatory changes, ischemia, and necrosis. Radiographic and sonographic evidence can aid in the diagnosis. Surgical intervention involving resection of affected bowel is the standard of care in adult cases of intussusception.
INTRODUCTION
Intussusception is a rare cause of abdominal pain in the adult population, accounting for five percent of intussusception cases in all ages and 1-5% of intestinal obstruction. 1 The clinical presentation in adults is often nonspecific, including abdominal pain and distention, nausea, vomiting, gastrointestinal bleeding and change in bowel movements. [1] [2] [3] [4] We present two cases of adult intussusception and then discuss diagnostic modalities, etiologies and treatment strategies.
Case 1
A 21-year-old female presented to the emergency department (ED) with a seven-hour history of distension and worsening diffuse cramping abdominal pain, greatest in the right lower quadrant. The pain was rated as a seven out of ten, with no aggravating or alleviating factors. It was associated with diarrhea and flatus. Her last meal was the night prior to presentation to ED. In the ED, the patient had six bowel movements. She denied any history of similar episodes of pain, as well as fever, chills, nausea, vomiting, weight gain or loss.
The patient's medical history was significant for systemic lupus erythematous, patent foramen ovale, arteriovenous malformation of the lung status post coiling embolization, antiphospholipid syndrome and splenic and hepatic infarcts resulting in portal vein thrombosis requiring anticoagulation. The patient's past surgical history was significant for an appendectomy. The patient was a gravida 1, para 1, status post natural spontaneous vaginal delivery, without any complications, approximately three months prior to her presentation. She denied history of sexually transmitted diseases or multiple sexual partners. Medications included Plaquenil, Coumadin, Prednisone, Ferrous Sulfate, Azathioprine, and Zoloft. She denied any tobacco, alcohol or illicit drug use.
On examination, her vital signs were included: temperature of 36.6 degrees Celsius, heart rate of 58 beats per minute, blood pressure of 96/58 mm Hg, respiratory rate of 16 breaths per minute, and oxygen saturation of 97% on room air. She appeared moderately ill, in apparent discomfort but no acute distress. Abdominal examination revealed diffuse tenderness on palpation, particularly in the right lower quadrant, tenderness to percussion, and high-pitched bowel sounds. A pelvic speculum exam revealed a normal cervix with no erythema or discharge. Bimanual exam revealed normal-sized uterus, with no adnexal masses and no tenderness to palpation. Her physical exam was otherwise benign. The patient's workup included a white blood cell count of 6.2 thous/mcL (reference range: 4.0-10.5) and elevated liver enzymes with aspartate aminotransferase (AST) of 66 IU/L (reference range: 8-40) and alanine aminotransferase (ALT) of 115 IU/L (reference range: 0-60). Normal total bilirubin was 0.4mg/dL (reference range: 0-1.4) and normal alkaline phosphatase was 50 IU/L (reference range: 26-110). Prothrombin time (PT) and international normalized ratio (INR) were elevated at 15.2 (reference range: 9.6-11.8) and 1.31 (reference range: 0.89-1.11), respectively. Partial thromboplastin time (PTT) was normal at 28.6 (reference range: 24.2-32.6). Urine analysis was negative for urinary tract infection. Urine pregnancy test was negative. Abdominal and pelvic duplex ultrasounds were unremarkable. Computed tomography (CT) scan of abdomen and pelvis showed a target lesion in right lower quadrant with obstruction of contrast and pericolonic fat stranding indicative of intussusception at the ileocecal junction ( Figure 1 ).
An acute care surgery consultation resulted in an exploratory laparotomy and ileocecectomy with primary repair. In the operating room, the intussuscepted portion appeared to be at the site of previous appendectomy scar, thickened cecum intussuscepted within itself. Patient tolerated the procedure well with minimal blood loss and no complications. The specimen showed a well-healed scar, measuring 0.7 cm in length and 0.1 cm in diameter. Specimen pathology revealed pseudomembranous colitis involving the cecum and inflammatory debris in the terminal ileum, eight reactive lymph nodes, without evidence of well-formed granulomas, vasculitis, polyps or malignancy. Post-operative course was unremarkable with normalization of liver enzymes, advancement of diet and return of normal bowel function. The patient was discharged three days after the operation.
Case 2
A 66-year-old male presented to the ED with a fourday history of intermittent lower abdominal pain associated with several episodes of nausea, vomiting, and diarrhea. He described the pain as dull and heavy, worse with lying on his back and better when he laid on his side, without prior episodes of similar pain. Review of symptoms was negative for fever, chills, weight loss, black or bloody stools, change in bowel caliber, urinary symptoms, recent travel, camping or unusual foods. He had no recent sick contacts. His past medical history included degenerative joint disease and a past surgical history of an appendectomy. He had no family history and a social history of cigarette smoking only.
Initial vital signs were within normal limits: temperature 98 degrees Celsius, blood pressure of 122/82 mm Hg, heart rate of 98 beats per minute, respiratory rate of 18 breaths per minute, and oxygen saturation of 97% on room air. Initial exam revealed a patient in mild distress and an exam significant only for moderate suprapubic tenderness without rebound or guarding. There were no masses or hepato-
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Two Adult Patients with Intussusception splenomegaly appreciated. In addition, bowel sounds were normal. Initial lab tests including a complete blood count, chemistry panel, urinalysis and coagulation profile were significant only for a WBC count of 19,000 cells/L (70% neutrophils, 18% lymphocytes, 9% monocytes, 3% basophils) and a hematocrit of 39%. CT scan of the abdomen and pelvis revealed evidence of ileocolic intussusception with edematous and possibly ischemic bowel (Figure 2) . A right hemicolectomy was subsequently performed with primary ileo-mid-transverse colostomy. Examination of the patient's resected tissue revealed Duke's C adenocarcinoma of the right colon. The Duke's classification of colon cancer places patients into one of four categories based on spread of cancer. This patient's classification indicates that he had cancer spread out of the confines of his bowel wall and into adjacent lymph nodes without spread of beyond the confines of the lymph nodes. His post-operative recovery was otherwise uneventful.
DISCUSSION
Intussusception, defined as telescoping of a proximal part of small bowel along with its mesentery into an adjacent segment, leading to impaired peristalsis, obstruction, and possible vascular compromise, occurs mostly in the pediatric population. The classic triad of intermittent abdominal pain, bloody diarrhea, and a palpable tender mass has been described primarily in children. 1 However, in adults, nausea, vomiting, gastrointestinal bleeding, changes in bowel habits and abdominal distension are the more common, nonspecific symptoms and signs of intussusception. [2] [3] [4] [5] [6] In the adult population, intussusception is a rare condition, accounting for only 5% of all cases across all ages and 1-5% of small bowel obstruction.
2 Primary or idiopathic intussusception accounts for about 8-20% of cases. 2, 4, 7 Secondary intussusception, which is more commonly present in the adult population, is associated with a pathological condition involving a lead point. This causes one section of the bowel along with its mesentery to prolapse into adjacent bowel, leading to possible intestinal obstruction, vascular compromise, inflammatory changes, ischemia and even necrosis. 3, 8, 9 Lead points could be intraluminal lesions, such as inflammatory lesions, Meckel's diverticulum, polyps, or extraluminal lesions, such as adhesions, lipomas, lymphomas, and metastases. Malignancies are associated with 30% of small bowel intussusception, and 66% of large bowel intussusception. 10 Intussusceptions are classified according to their locations: enteroenteric, colocolic, ileocolic, and ileocecal. 3, [11] [12] [13] As seen in both cases, the presenting symptoms and physical exam findings were not specific for intussusception. Abdominal pain and distention along with changes in bowel movements are symptoms associated with a long list of differential diagnoses, including gynecological causes in female patients. However, with a negative pelvic exam and transvaginal ultrasound, attention is then directed to nongynecological causes. Radiologic evidence helps in narrowing down and focusing attention to a subset of possible etiologies, as demonstrated with CT of the abdomen and pelvis in case one, demonstrating ileocecal intussusception around a previous appendectomy scar.
Plain abdominal radiographs is typically the first diagnostic screening tool, demonstrating an bowel obstruction or perforation. However, radiographs are neither sensitive nor specific for intussusception. 10, [14] [15] [16] Ultrasonography is a useful clinical tool for the diagnosis of intussusception in both children and adults with high sensitivity and specificity: 98-100%, and 88%, respectively. 17 Ultrasonography reveals a "target" or "doughnut" sign on the transverse view and the "pseudo-kidney" sign or "hay-fork" sign in the longitudinal view. [18] [19] [20] [21] CT is the most commonly used diagnostic modality with diagnostic accuracy of 58-100%. 2, 7, [22] [23] [24] [25] [26] [27] CT shows "target" or "sausage"-shaped lesions, as well as defines the location, the nature and the relationship of the lesion to surrounding tissues. 11, 22 Surgical resection of involved bowel segments serves as the treatment of choice in the adult population, 4 since the lead point could be a malignancy, which could not only metastasize but also compromise blood flow, leading to necrosis of the involved bowel.
CONCLUSION
In the adult population, presenting complaints and physical exam are not sensitive or specific in making the diagnosis and identifying the lead point. 28, 29 Radiographic evidence is needed in the diagnosis of intussusception. Once suspected, surgical intervention is necessary to prevent further obstruction, vascular compromise, ischemia and necrosis of bowel. These cases are presented to increase awareness regarding intussusception in the adult population, where
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